I. INTRODUCTION
Laser-plasma interactions have been extensively studied under conditions where the laser pulse length is long enough to allow the hydrodynamic flow of the plasma to approach a steady state and where heating occurs at densities close to the critical density [1] . Energetic ion emission has long been observed under such conditions, especially at high irradiance [2] . However x-ray lasers [10] and wake-field acceleration [11] . A number of articles exist that review these new fields [12] . The intrinsic interest in the response of the plasma to laser intensities as high as 10' W cm under short (picosecond) pulse conditions led us to conduct an experiment on the Nd-glass laser VULCAN at the Central Laser Facility of the Rutherford Appleton Laboratory.
In the experiment reported here, laser pulses of up to 30 J in pulses of 2. 1 psec or longer were incident on a number of different target materials in a focal spot of -50 pm with a measured contrast ratio of better than 10 . We present time-integrated x-ray images that show that the plasma flow is collimated normal to the target surface. Ion-velocity measurements reveal that most of the energy associated with the ions is carried by ions 100 keV/nucleon. The ion spectrum extends up to 1.5 MeV. CR-39 detectors reveal that most of the highenergy ions are protons, consistent with other previously reported experiments. Those ions with energy~100 keV are confined to a half-angle 10' cone, which is further strong evidence of a collimated plasma flow. The observations are supported by numerical calculations that sug- gest that the plasma flow may be collimated due to an azimuthal magnetic field pinching the plasma.
II. EXPERIMENT
Laser pulses were generated using A full description of the laser system has been given elsewhere [13] . The important parameters of the laser system are as follows: up to 30 J of laser energy was incident on the target; the pulse length ranged from 2.1 to 7.5 psec; 90%%uo of the laser energy was focused by the offaxis paraboloid mirror through a 100-pm pinhole; the incident irradiance on the target varied from 1.0X10' to 12.0X10' Wcm; the beam was p polarized and was incident on the target at an angle of 30 to the target normal. The prepulse was measured by both a cross correlator and an autocorrelator to be less than 10 of the main pulse intensity [13] . [17] , where they are presumed to be associated with hydrocarbon contamination of the target surface and with theory [18] which shows that lighter ions are accelerated to higher speeds. Clearly, Fig. 4 suggests that there is a peak in the spectrum at 300 -400 keV, after which there is an exponentially decaying tail. Particles up to 1.5 MeV were detected. The broad peak and exponential tail were observed in all shots. By fitting an exp( E/kT) cur-ve to the exponentially decaying tail, a best-fit ion temperature of 200 keV was fitted for this particular shot. The measured ion temperatures were in the range 100 -200 keV.
The hard-x-ray NaI photomultiplier detectors indicated the existence of fast electrons. Assuming that the emission is bremsstrahlung from the fast electrons and can be described by a exp( E-/kT) profile, the measured intensities of the two hard-x-ray detectors are consistent with an electron temperature of around 300 keV.
The Faraday cups were not calibrated, so it is not possible to gain any information from them about collimation. The main information they give is about the ion velocity spectrum. Figure 5 shows two graphs of the integrated energy spectrum (total energy arriving at the cups of ions with energy greater than E eV/nucleon) for cups placed at 10 and 22', respectively from the target normal for a 19. 0-J 2.4-psec shot onto copper. It is clear from the velocity spectrum in Fig. 5 Fig. 6(a) . It is clear that these ions are collimated into a half-angle cone of -10'. (2) The energy is absorbed in such a small region of space that the energy per particle has to be of the order of 100 keV. As suggested below, thermal conduction may be strongly inhibited by the presence of a magnetic field, in which case the absorbed energy could be confined to a thin surface layer and generate a very high temperature. If we suppose that the absorbed energy E, b, is contained within a cylinder that has the radius of the focal spot (25 [20] at the surface of the target while it is still relatively Qat at the start of the expansion, but collimation of the majority of the ions cannot be explained in this way since their dynamics are more correctly described as a bulk expansion away from a point of origin (the laser spot). We suggest that the collimation observed in our experiment is caused by magnetic pinching.
A magnetic field is generated by the pressure-driven source term BB/Bt = -V X(VP/n, e) (e.g., Stamper [21] ) which is nonzero because the density and temperature gradients are not parallel. The density gradient is directed into the target, and the temperature gradient has a component along the target surface. A rough estimate is that 8-~LT L"'kT/e, where~is the pulse length, LT and L"are the temperature and density scale lengths. This estimate neglects resistive and convective losses, which would reduce the field, and continued field generation after the end of the laser pulse, which would increase the field. This estimate indicates a plasma P of ' Craxton and Haines [24] . As an indication that our results are not extreme, we note that Wilks et al. [25] , using a particle-in-cell code, albeit at an irradiance 10 times larger, find magnetic fields of 250 MG and magnetic pressures of 2500 Mbar. Figure 7 presents logarithmic contour plots of calculated density, temperature, and magnetic field 30 psec after the peak of the laser pulse. The surface plasma is freely away from the target and is clearly collimated into a jet. 
